We investigated the specificity of the T helper (Th) cell immune response to three alphaviruses: Venezuelan equine encephalomyelitis (VEE), eastern equine encephalitis (EEE) and western equine encephalitis (WEE). Single cell suspensions were prepared from spleens of virus-primed C3H mice, and T lymphocyte populations were enriched by nylon wool chromatography. T cells were incubated in vitro with irradiated, syngeneic splenic stimulator cells previously exposed to purified virus. Cellular proliferation was measured by [3H]thymidine uptake 5 days post-stimulation. The predominant proliferating cell type secreted interleukin-2 and was of the Th cell phenotype Thy-I +, Lyt-l+,2 -, L3T4 ÷. Stimulation of VEE, EEE and WEE virusprimed Th cells with homologous and heterologous virus resulted primarily in a proliferative response specific for the immunizing virus. The corresponding antibody response, as measured by ELISA using purified virus as antigen, was also specific for the immunizing virus. The magnitude of the blastogenic response of VEE TC-83 virusprimed lymphocytes to a battery of VEE subtype viruses was remarkably similar to schemes of antigenic classification. The results indicate that the dominant Th cell epitopes on these alphaviruses represent regions largely virus-specific and lead to a virus-specific B cell response which does not change over time after primary inoculations of mice with VEE and WEE viruses and multiple inoculations of mice with EEE virus.
INTRODUCTION
Alphaviruses are composed of ssRNA within a nucleocapsid enclosed by an envelope containing spikes consisting of heterodimers of two structural glycoproteins (El and E2) each with an Mr of approximately 50K. The B cell epitopes on these proteins have been thoroughly characterized with monoclonal antibodies (MAbs) and the primary mechanisms of humoral immunity to and protection against alphavirus infection have been elucidated (Roehrig et al., , 1988 Mathews & Roehrig, 1982; Schmaljohn et al., 1983; Boere et al., 1984; Hunt & Roehrig, 1985; Mathews et al., 1985; Stanley et al., 1986) .
Studies of cell-mediated immunity to alphaviruses have defined the limits of genetic restriction for cytotoxic T lymphocytes (CTLs) within the murine major histocompatibility complex (MHC) (Miillbacher & Blanden, 1978) , recognized the cross-reactive nature of alphavirus CTL (Miillbacher et al., 1979; Wolcott et al., 1982) and also found that protection of mice from virulent alphavirus challenge after adoptive transfer of immune splenocytes is T celldependent Peck et aL, 1975) . Indirect evidence for the importance of the T helper (Th) cell in the immune response to alphaviruses was shown by Burns et al. (1975) . In this study Sindbis virus elicited only a transient T cell-independent IgM response in nude mice that neutralized virus; however, only T cell-competent, normal littermates produced IgG and mounted a large secondary IgG response. Studies with another alphavirus, Semliki Forest 0000-9014 © 1989 SGM virus in nude mice, also showed a short-lived neutralizing antibody response and virus-specific lgG was present but at levels 1000-fold lower than in immunocompetent littermates (Jagelman et al., 1978; Suckling et al., 1982) .
Lymphocyte transformation assays with the alphaviruses Sindbis and Venezuelan equine encephalomyelitis (VEE) indicated that T cells are necessary to induce antigen-specific proliferation Griffin & Johnson, 1973; Marker & Ascher, 1976) . A virus-specific proliferative response was noted in a limited study with Getah, Ross River and Sindbis viruses (Aaskov et al., 1983) .
As the efficacy of synthetic, biosynthetic or recombinant alphavirus vaccines may depend on the degree and type of help provided to antigenic epitopes involved in the protective response, we investigated the specificity of the Th cell response in a murine model using three virulent encephalitis alphaviruses: eastern equine encephalitis (EEE), western equine encephalitis (WEE) and VEE. Serology has shown these viruses to be antigenically distinct; however in some situations cross-reactivity and cross-protection have been observed among unrelated alphaviruses (Casals, 1957 (Casals, , 1963 Cole & McKinney, 1971 ; Fine et al., 1974; Karabatsos, 1975) . We evaluated antigen-elicited T cell proliferation with [3H]Thymidine (TdR) uptake by virusprimed T lymphocytes incubated in vitro in the presence of syngeneic stimulator cells previously exposed to purified virus.
Our results indicate that after inoculation of mice with VEE, EEE or WEE viruses, T ceils of the Th cell phenotype and secreting interleukin-2 (IL-2) are generated against dominant epitopes that represent largely virus-specific amino acid sequences and provide help primarily to virusspecific B cell epitopes.
METHODS
Mice. C3H/HeNHsd mice were obtained from the Charles River Breeding Laboratories or Harlan Sprague Dawley and used when 6 to 12 weeks of age.
Viruses and cells. The VEE subtype viruses used in this study were Trinidad and its vaccine derivative TC-83 (IA), PTF-39 (IB), P676 (IC), 3880 (ID), Mena II (IE), Everglades (II), Mucambo (IH) and Pixuna (IV). The other alphaviruses studied were EEE (Fl. 82V-2137) and WEE (72V-4758). Sindbis (AR339) virus was used in selected assays. Seed stocks were prepared in Vero or BHK-21 cell cultures. Viruses were purified by ultracentrifugation on 30~ glycerol and 45~ potassium tartrate gradients (Obijeski et al., 1974) .
Immunization. Mice were inoculated intraperitoneally (i.p.) with 106 p.f.u, of VEE TC-83 or WEE virus diluted in cold phosphate-buffered saline (PBS). Because EEE virus kills adult mice by the i.p. route, mice were immunized twice, 2 weeks apart, with 20 Ixg of fl-propiolactone (BPL)-inactivated virus. We added 0.3% (v/v) BPL to 1 mg of purified virus in 1 ml of 0.1 ml Tris buffer (1 mM, pH 8.0) and incubated the mixture at 4 °C for 24 h. This procedure was a modification of the method of French & McKinney (1964) . Mice were then inoculated with 105 p.f.u, of EEE virus 5 weeks after the second inoculation of inactivated virus. In some cases, purified VEE, WEE or EEE virus (50 or 100 lag) was used to immunize mice.
Preparation ofresponder T cellpopulations. Spleens were harvested from immunized and non-immunized mice at various time intervals following virus inoculation. Single cell suspensions were prepared in Dulbecco's modified Eagle's medium (DMEM) supplemented with 15~ foetal calf serum (FCS) (Hyclone Laboratories), 2 mMglutamine, 0"1 mM of non-essential amino acids, 1 mM-sodium pyruvate, 1"5 g sodium bicarbonate per litre, penicillin (100units/ml), streptomycin (100lag/ml) and 10mM-HEPES. Red blood cells were lysed with ammonium chloride buffer. Either pristane or acid-washed nylon wool (NW) (Fenwall Laboratories) was used to increase the percentage of T cells present in responder preparations using the basic procedure originally described by Julius et at. (1973) . Briefly, after adding 108 cells in 2 ml of DMEM to 0.6 g NW in a 10 ml syringe, the columns (which had been preincubated in DMEM for 1 h at 37 °C in 5~ CO2) were incubated at 37 °C for 1 h. The T cellenriched population of cells was eluted, centrifuged and resuspended to 4 x 106 cells per 1 ml DMEM with 2~ FCS and 5 x 10 -5 M-2-mercaptoethanol and kept at 4 °C until added to 96-well flat-bottomed tissue culture plates (Costar). In some experiments, eluted ceils were passed over NW a second time to determine the efficiency of purification.
Antigen-presenting cells (APC) . Splenocytes from normal mice were processed as described above but not fractionated over NW. Cells were adjusted to a concentration of 5 x 106 ceils per ml DMEM in 75 cm 2 flasks and irradiated (2000 rads) from a caesium (137Cs ) gamma irradiation source. The cells were centrifuged, washed and resuspended to 2 x 106 cells per ml DMEM with 2~ FCS and 2-mercaptoethanol. The APC were used in one of two ways. Either purified virus was added in various concentrations, usually 5 lag or 50 lag for every 107 cells in 1 to 2 ml of DMEM, and adsorbed at 37 °C for 3 to 4 h before cells were irradiated, or virus was added to APC in the T helper cell response to alphaviruses 2879 same ratio but after APC had been placed into wells in the assay system. Also, residual APC in virus-primed responder cell populations were evaluated after the addition of purified virus without irradiated APC.
Proliferation assay. NW-passaged T cells from either normal or virus-primed mice were added to 96-well plates in 0.1 ml amounts at a concentration of 4 x l0 s cells per well in complete medium with 29/00 FCS and 2-mercaptoethanol. The same volume of infected or uninfected irradiated APC was added at a concentration of 2 x 105 cells per well. In some experiments, purified virus (1 ~tg per well) was added to uninfected APC or NW-purified responder T cells as controls. All samples were treated in triplicate. Plates were incubated at 37 °C in 5700 CO2 for 96 h before pulsing for 18 to 24 h with 1 ~tCi [3H]TdR per well (6.7 Ci/mmol, New England Nuclear). The cells were harvested onto glass fibre filters using a PHD cell harvester (Cambridge Technology), placed in scintillation cocktail and radioactivity was counted. A specific T cell mitogen, phytohaemagglutinin (PHA) (Sigma) was added to responder cells. Data were reported as means + standard error of the mean (S.E.M.) or adjusted where the mean of the background (responders plus normal uninfected splenocytes) was subtracted from the test mean (responders plus infected splenocytes). The associated standard error (S.E.) was then determined.
T cell depletion. Anti-Thy 1.2, -Lyt 1.1 and -Lyt 2.1 MAbs, and complement (Low-Tox-M rabbit) were obtained from Cedartane Laboratories. NW-passaged T cells were diluted to 107 cells per ml in cytotoxicity medium (RPM1 1640 with 25 mM-HEPES and 0.3 ~ bovine serum albumin). Antisera were added at a final dilution of 1 : 20 and incubated at 4 °C for 1 h. Cells were centrifuged and resuspended to the original volume in cytotoxicity medium with complement diluted 1 : 10 and incubated at 37 °C for an additional hour. Treated preparations were diluted to 4 x 106 ceils per ml based on the original cell count for use in proliferation assays.
Flow immunocytometry. Anti-Thy-l-fluorescein isothiocyanate (FITC), anti-Lyt-2-FITC and anti-L3T4-phycoerythrin conjugates were obtained from Becton-Dickinson Immunocytometry Systems. Fluoresceinconjugated affinipure anti-mouse IgG (heavy and light) was obtained from Jackson Immunoresearch Laboratories. NW-passaged VEE TC-83 virus-primed or normal T ceils (pre-or post-proliferation) were washed in cold Hanks' balanced salt solution containing 2~o FCS, 20 mM-HEPES buffer and 0-1 ~ sodium azide (NAN3), counted, and placed in small tubes (10 mm x 75 mm) at a concentration of 106 cells per tube. Cells were pelleted by centrifugation, supernatants were discarded, and conjugates or Hanks' solution were added to give a final volume of 50 to 100 ~tl. Samples were placed at 4 °C for 30 min, then overlaid onto and centrifuged through cold FCS containing 0-1 ~ NAN3. Cells were washed twice in cold PBS and then resuspended to 1 ml in cold PBS and filtered through a 44 ~tm nylon mesh (Small Parts Incorporated). Cells were analysed on a Coulter (EPICS V) single-argon laser-flow cytometer with filters set for single or dual colour analysis. Gating light scatter parameters were set to exclude dead cells and debris.
IL-2 analysis. The cytotoxic T lymphocyte line (CTLL-2) developed by Gillis & Smith (1977) was the IL-2-dependent cell line used in this study. Culture supernatants from proliferation assays using T cells from mice primed with purified virions were harvested on days 3, 4 and 5 and stored at -70 °C. For assays, 150 txl of test samples were added to 96-well plates, in duplicate, followed by 50 ~tl CTLL-2 cells (2 x 10"). Plates were incubated at 37 °C for 18 h and then 1 p.Ci of [3H]TdR was added per well. Cells were harvested 4 h later and processed as described above.
Serological assays. An indirect ELISA, routinely used in our laboratory, that uses purified virus as antigen (1 ktg per well) and anti-mouse IgG alkaline phosphatase as the detecting system, was used to titrate antiviral antibody in serum specimens taken from mice at various times after inoculation .
RESULTS

Antigen processing requirements
We initially infected APC with various concentrations of VEE TC-83 virus to determine the optimal amount of antigen required to induce maximum virus-specific lymphoproliferation. This gave a dose-related response (Table 1) . Maximum stimulation of VEE TC-83 virus-primed T cells occurred between 5 and 50 ~tg of virus for 107 splenocytes. One ~tg of freshly purified VEE TC-83 virus is roughly equivalent to 107 p.f.u. (unpublished observation) . This corresponded to a relative m.o.i, of 5 and 50. NW-enriched T cells from virus-primed mice proliferated in the presence of PHA to levels comparable to optimal induction levels by purified virus. A comparable level of virus-specific cellular proliferation was seen when 1 ktg of virus plus 2 × 10 s uninfected APC were mixed in wells (a ratio corresponding to 50 ~tg virus and 1 x 107 APC) along with virus-primed NW-passaged T cells. Virus stimulated the proliferation of T cells in the absence of irradiated APC, albeit at a reduced level (data not shown). This indicated that NW chromatography did not remove important APC. Even T cells passed twice over NW retained some responsiveness to viral antigen. Analysis by flow cytometry of NW-passaged normal C3H splenocytes indicated that approximately 35 ~ of the cells eluted did not express the primary T No data 20 * Thy-1, Lyt-2 and IgG antisera were conjugated to FITC and the L3T4 to phycoerythrin. t Lymphocytes from uninoculated C3H mice were labelled and their phenotypes determined following nylon wool chromatography.
~: Lymphocytes were processed from mice 4 weeks after inoculation with VEE TC-83 virus and, incubated in vitro with homologous virus. § Percentage of ceils stained with lymphocyte marker antisera.
cell markers (Table 2) . Therefore, to standardize all subsequent proliferation assays, most of the results reported here, except where noted, used APC preinfected with virus.
Phenotypes of T cells
Three approaches were used to determine the phenotypes of T cells involved in proliferation. When NW-passaged T cells from VEE TC-83 or Sindbis virus-primed mice were treated with T cell marker antisera plus complement, only the complement control or ceils treated with antiLyt-2.1 proliferated in response to VEE TC-83 or Sindbis virus stimulation (Table 3) . Similar results were observed when ceils that proliferated in response to VEE TC-83 virus after a culture period of 5 days were treated with antisera, pulsed for 4 h with [3H]TdR, and then harvested and counted (data not shown). Both depletion procedures indicated that the cell population involved in proliferation was probably of the Th cell phenotype Thy-1 ÷, Lyt 1÷,2 -, L3T4 ÷. To substantiate this observation further, flow cytometry with fluorophore-conjugated lymphocyte marker MAb was performed at day 4 post-proliferation on VEE TC-83 virus-primed T cells stimulated with homologous virus (Table 2 ). The majority of the Thy-l-positive cells were of the L3T4 phenotype. Incubation of T cells from the same NW preparation but without VEE TC-83 virus resulted in loss of cell viability at day 4 (data not shown). Dual colour analysis using anti-L3T4-phycoerythrin and FITC-labelled anti-Lyt-2.1 showed that mutually exclusive cell populations were present with less than 1 ~ of the cells staining with both conjugates. The proportions and actual percentages of phenotypes present in the normal preparation after NW chromatography, determined by flow cytometry, were almost identical to those in the VEE TC-83 virus samples after proliferation (Table 2) .
T and B cell responses
The specificity of the immune response (both cellular and humoral) was evaluated at various times post-inoculation with VEE TC-83, WEE and EEE viruses. Lymphoproliferative assays for mice primed to any one virus over time were performed in single experiments. Both homologous and heterologous purified alphaviruses were used to stimulate the virus-primed Th 
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Time after EEE virus inoculation (days) T r iiiii!i Fig. 2 . Endpoint ELISA titres of mouse serum specimens collected at time intervals corresponding to the T cell assays and tested against purified viruses VEE TC-83 (solid columns), EEE (dotted columns) and WEE (blank columns). Bars represent mean values of four to six sera for each virus + S.E.M. cells. For VEE TC-83 virus-primed T cells the antigen-driven proliferative response was specific primarily for VEE TC-83 and VEE Trinidad viruses (Fig. 1 a) . The low response to VEE Trinidad virus stimulation at day 7 may indicate that early in the immune response Th cells were preferentially recognizing the virus used for immunization. The maximum response occurred at day 14, along with a cross-reactive response to EEE virus that constituted 34 ~ of the maximum [3H]TdR incorporation of the VEE viruses. At day 54 there was still a good memory response to VEE virus, but the EEE response was diminished. At each evaluation the response to WEE virus was negative. The EEE virus proliferative response was evaluated in mice inoculated with BPL-inactivated virus before inoculation with live virus. An EEE virus-specific blastogenic response was seen (Fig. 1 b) . Lymphoproliferation with mice inoculated only with BPL-treated EEE virus also gave an EEE virus-specific response (data not shown). When WEE virus-primed T cells were stimulated with the same viruses, the lymphoproliferative response was primarily to the homologous virus (Fig. 1 c) . High background proliferation with the day 42 T cells reduced the magnitude of the response (data not shown), but it was still WEE virus-specific.
. Lymphoproliferative response of (a) VEE TC-83, (b) EEE and (e) WEE virus-primed and pooled (three to six mice per virus group) NW-purified responder T cells. Stimulator cells were infected with purified viruses VEE TC-83 (solid columns), VEE Trinidad (hatched columns), WEE (blank columns) and EEE (dotted columns). Bars represent the adjusted mean c.p.m, values of replicates of 3 + associated S.E, J. MATHEWS AND J. T. ROEHRIG
When antisera from all mice used in the proliferation studies were evaluated by ELISA in endpoint titrations using purified virus as substrate, the results paralleled those seen in the lymphoproliferation assays (Fig. 2) . As expected, there was a significant homologous antibody response to all the viruses used for immunization. Low level cross-reactivity was seen between the EEE and VEE viruses. The WEE virus B cell response was virus-specific, and mice immunized with EEE or VEE virus did not cross-react with WEE virus.
To analyse further the blastogenic response among more closely related alphaviruses, we used VEE subtype viruses, as antigenically classified by Young & Johnson (1969) using short incubation haemagglutination inhibition (HI) assays, to stimulate VEE TC-83 virus-primed T cells (Table 4 ). The magnitude of the Th cell response correlated well with the B cell antigenic relatedness except for the Everglades virus (subtype II). However Everglades virus is neutralized well by rabbit antisera prepared to the purified E2 glycoproteins of both VEE (TC-83) (IA) and PTF-39 (IB) viruses (Kinney et al., 1983) .
IL-2 analysis
Elevated levels of IL-2 indicate Th cell activity. Supernatants from proliferation assays were harvested at 72 h and assayed for IL-2 activity with CTLL-2 cells (Table 5 ). Levels of IL-2 were elevated only when virus-primed T cells were stimulated with homologous virus. There was a direct correlation between the positive homologous lymphoblastogenic response and elevated levels of IL-2.
DISCUSSION
Evidence indicates that T h cells are required for the dcvelopment of a long-term memory immune response to viral antigens. New viral vaccines must contain peptides or DNA encoding peptides with separate but complemcntary functions. Part of the immunogen must be able to potentiate a Th cell response to companion peptides that define the epitopes necessary to induce j. MATHEWS AND J. T. ROEHRIG an immune response that will block a viral infection productively. In this immune response B cells can play an important role in antigen processing after B ceil antigenic epitopes on the virion or virion fragments are cross-linked on the B cell surface by specific immunoglobulin (Chestnut & Grey, 1981 ). The virion proteins are then internalized, processed and re-expressed on the surface of the B cell in association with class II MHC proteins. In order for Th cells to help B cells in a true cognate process (through associative recognition), the T and B cell epitopes must be on the same protein (intramolecular) or structurally linked in the virion (intermolecular and intrastructural) (Lake & Mitchison, 1976) .
Our study demonstrates that inoculation of mice with VEE, EEE or WEE viruses results in Th cell and B cell responses that are primarily virus-specific. The phenotypes identified and the presence of IL-2 in culture supernatants indicate that the Th cell is the primary cell type present in proliferation. Low level cross-reactivity was observed between VEE and EEE viruses, but neither cross-reacted with WEE virus. VEE and EEE viruses are biologically distinct as determined by HI, complement fixation and neutralization assays (Casals, 1963; Karabatsos, 1975) . However Cole & McKinney (1971) found that VEE virus-primed mice were protected from EEE virus challenge. Also, comparison of amino acid sequence homology of the E1 and capsid proteins of several alphaviruses (EEE, VEE, Ross River, Sindbis and Semliki Forest) showed that VEE and EEE viruses were the most closely related (Chang & Trent, 1987) . Griffin & Johnson (1973) found marked proliferation of T cells in the lymph nodes and spleens of BALB/c mice after primary and secondary challenges with Sindbis virus; however no heterologous stimulation was done. We found that Sindbis virus-primed NW-enriched T cells from C3H mice responded well to homologous but not to VEE virus stimulation (unpublished observation). Aaskov et al. (1983) observed a virus-specific lymphoproliferative response with the alphaviruses Ross River, Getah and Sindbis, all antigenically unrelated. When we used a battery of antigenically related VEE subtype viruses to stimulate VEE TC-83 virus-primed T cells, the magnitude of the lymphoblastogenic response correlated with the antigenic classification scheme proposed by Young & Johnson (1969) based on kinetic HI using spiny rat antisera. The one exception was to Everglades (II) virus which was as potent in stimulating blastogenesis as were the VEE subtypes TC-83 (IA) and PTF-39 (IB) viruses (Table 4) . However this antigenic relationship is not so unexpected because Everglades virus is readily neutralized with rabbit antisera prepared to the E2 glycoproteins of both the IA and IB subtype viruses (Kinney et al., 1983) . To determine whether binding antibody might 'place Everglades virus antigenically closer to the IA and IB viruses, single inoculation VEE TC-83 virus mouse antisera in ELISA against all the VEE subtype viruses gave a reactivity pattern characteristic of the HI classification (unpublished observation).
The specificity of the lymphoproliferative response observed to date among the alphaviruses may be related to the expression on the virion of the two primary structural glycoproteins, E1 and E2. These proteins are closely related structurally, and they are immunologically relevant since they must interact with the immune system. Studies using MAbs specific for these glycoproteins indicate that the B cell E2 epitopes expressed on the mature virion are mostly virus-specific and are involved primarily in the biological functions of haemagglutination and neutralization . The B cell epitopes on E1 can be cryptic or not adequately expressed on the virion and generally have broader reactivity patterns than the E2 epitopes (Schmaljohn et al., 1983; Hunt & Roehrig, 1985) . However surface expression of E1 epitopes does occur as shown by the isolation of neutralizing anti-E1 MAbs against several alphaviruses (Chanas et al., 1982; Roehrig et al., 1982; Boere et al., 1984; Stanley et al., 1986) . For VEE, EEE and WEE viruses, dominant virus-specific B cell epitopes on the virion or from virion-infected cells interact preferentially with virus-specific B cells which in turn receive T cell help that is also primarily virus-specific. This is in marked contrast to several studies which agree uniformly that the CTL response to alphaviruses is cross-reactive (Mfillbacher et a/., 1979 (Mfillbacher et a/., , 1986 Wolcott et al., 1982) . The E 1 glycoprotein has been implicated as the target antigen for alphavirus CTL using a temperature-sensitive mutant of Sindbis virus (Wolcott et al., 1985) . However, VEE, EEE and WEE viruses have not been evaluated for CTL activity. In any event, Th cells for the alphavirus CTL response appear to recognize determinants on at least the E1 glycoprotein, which are highly conserved. It is also interesting to speculate whether additional help could be provided to the B cell response if APC expressing CTL Th cell epitopes were alphavirus-reactive B cells.
In our study cross-reactivity among the viruses did not increase with time, indicating that the immunological events after infection were dominant and dictated the course of the long-term immune response. Casals (1963) observed no basic change in the expected HI reactivity pattern of antisera from mice receiving 4 to 6 i.p. inoculations of homologous alphaviruses; no adjuvant was used. VEE TC-83 virus-primed mice challenged with VEE TC-83 and with the virulent parent Trinidad virus showed no evidence of either T or B cell cross-priming (unpublished observation). However cross-protection has been observed among alphaviruses not serologically related (Casals, 1963; Cole & McKinney, 1971 ). The results of Chikungunya virus-immune mice resistant to VEE virus challenge (Casals, 1963) were most striking. Convalescent phase serum samples from the challenge group showed broad HI reactivity with a variety of urlrelated alphaviruses which was not present before challenge. The rapid appearance and elevated titres of antibody were characteristic of an anamnestic response. These results suggest that priming to alphavirus cross-reactive Th cell epitopes can occur without a concomitant B cell response.
We are evaluating the relative contribution and importance to the Th cell immune response of purified E1 and E2 glycoproteins of the alphaviruses used in this study. We are also preparing overlapping synthetic peptides from the deduced amino acid sequence of the entire E2 glycoprotein and to selected regions on the E 1 glycoprotein of VEE TC-83 virus. These studies will help to define the nature of the alphavirus-specific and cross-reactive Th cell epitopes and how they interact with the B cell immune response.
